Abstract. In this note we investigate the regularizing properties of Cosserat elastoplastic models in a geometrically linear setting. For vanishing Cosserat effects we show that the model with microrotations approximates the classical Prandtl-Reuss solution in an appropriate measure-valued sense.
Here, ε = sym(∇u) denotes the infinitesimal elastic strain tensor and ε p denotes the (still symmetric) inelastic strain tensor which belongs to the set of internal variables. Hence the vector z consists of ε p and other components needed to describe the deformation process. Let us denote by B the projector Bz = ε p . µ, λ are positive Lame constants, µ c > 0 is the Cosserat couple modulus and l c := µ L 2 c > 0 is a material parameter, where L c with units of length defines an internal length scale. The operator skew denotes the skew-symmetric part of a 3 × 3 tensor and axl is the standard isomorphism between the set so(3) and R 3 . u d , A d are given Dirichlet boundary data, z 0 are given initial data and f describes external body forces acting on the material. We refer to Div σ = −f as the balance of linear momentum with a possibly nonsymmetric Cauchy stress tensor σ, and the equation for the microrotations A is the statement of balance of angular momentum. For brevity, we will omit repeating the equation for the microrotations if there is no danger of confusion.
Thermodynamical considerations yield that there exists a free energy function ψ :
where ρ is the mass density, which we assume to be constant. By the second equation in system (2.1) we conclude that the free energy function has to be of the form
where the function ψ 1 is chosen such that the dissipation inequality (2.3) holds. In the inelastic deformation theory it is usually assumed that ψ 1 is a quadratic form. In this article we additionally assume that
is a positive semi-definite operator such that the operator Mz = 2µB
T Bz + Lz is positive definite. Moreover we assume that the constitutive multifunction F is given in the form
and additionally 0 ∈ g(0). All models with this structure of an inelastic constitutive function are said to be of monotone type. 2 The models of monotone type include, e.g., the Prandtl-Reuss model, the Melan-Prager model, the Norton-Hoff model, the Ramberg-Osgood model, special cases of the Bodner-Partom model and many others. According to all these assumptions, system (2.1) has the form
We use the following standard notation: for an open set
Let us formulate the existence and uniqueness result for system (2.5):
Theorem 2.1 (Existence and uniqueness result). Suppose that the constitutive multifunction g is a maximal monotone mapping and the given data f,
Moreover, assume that the initial data z 0 ∈ L 2 (Ω, R N ) are chosen such that the initial value of ∇ z ψ belongs to the domain of the maximal monotone operator g. Then the system (2.5) possesses a global in time, unique solution (u, z, A) with the regularity: for all T > 0,
This theorem implies that for all monotone models in the inelastic deformation theory the independent microrotations have a regularizing effect: the strains remain in L 2 and the solution is found in H 1 . This is at variance with the case without Cosserat effects where we observe in the noncoercive case (the operator L is only positive semi-definite as, e.g., in plasticity without hardening) a lack of regularity of the strain and the inelastic strain tensors. For the proof, see [3] .
3. Cosserat plasticity as Melan-Prager limit. Let us recall the structure of the Melan-Prager model and of the perfect elasto-plasticity model:
Here K denotes the set of admissible stresses, which we assume to be of the form
is a closed, convex, bounded set with 0 ∈ int (K d ). dev Sym (3) denotes the subspace of Sym (3) consisting of deviatoric (trace-free) parts of symmetric matrices. The function I K : Sym (3) → R + is the indicator function of the set K. This means that
Finally, ∂I K denotes the subgradient of the convex function I K . The Melan-Prager model is a modification of perfect elasto-plasticity. In this model the vector z contains ε p and additionally the backstress b ∈ Sym (3). The system of equations now has the form
where γ > 0 is a material parameter and the set of admissible stresses K is defined in the same manner as in system (3.1). Similar to perfect elasto-plasticity, the Melan-Prager model is also H 1 well-posed: Proof. The proof is a simple consequence of the Existence and Uniqueness Theorem. It is based on the coerciveness of the energy. For more details, we refer to [3] . 
Div σ
sym (Ω)} (for more details, see [7] ). Moreover, let us denote with L ∞ w ((0, T ), X) the space of bounded and weakly measurable functions defined on the interval (0, T ) with values in the Banach space X. Now we can define solutions in the measure-valued sense of the perfect elasto-plasticity model. 
, the balance of linear momentum is satisfied in the L 2 -sense and the inelastic constitutive equation is satisfied in the measure sense. This means that for all τ ∈ L 2 (Ω, Sym (3)), such that Div τ ∈ L 2 (Ω, R) and τ (x) ∈ K for a.e. x ∈ Ω, the expression
Moreover, the Dirichlet boundary condition is satisfied in the normal direction. This means that u | ∂Ω · n = u d · n, where n is the normal unit vector to the boundary ∂Ω. 
